Background: Smoking has important health and economic consequences for individuals and society. This study expands the understanding of work-related burden associated with smoking and benefit of smoking cessation across the US, European Union (EU) and China using large-scale, representative survey methodology.
strong policy environments (eg, 34.1% in France, 27% in Spain, 24.5% in Germany, 27.7% in China). 3, 4 Smoking also causes significant societal consequences globally in the form of work productivity impairment. Working smokers in the US are estimated to miss an average of 2.3 more workdays annually than those who have never smoked and be less productive while at work. [5] [6] [7] In addition to health and work-related impairment, smoking is also associated with substantial direct and indirect costs. The estimated cost attributable to the burden of smoking is between $289 and $333 billion annually in the US alone. 2 These costs are because of both medical care for smoking-related illnesses and the substantial workrelated loss attributable to early mortality. 2 Further costs for nonsmokers have been reported at an estimated $6 billion in productivity loss caused by second-hand exposure; however, this is much lower than the substantially higher estimates of $151 billion for smokers.
2
Further studies outside the US have reported similar findings regarding work loss and associated costs. An EU study of over 10 000
workers in the Netherlands found that smoking status was associated with an increased use of sick leave and lost productivity while at work. 8 Similarly, two German-based studies have reported significant costs as a result of smoking-related productivity loss, 9 including one in which annual productivity costs as a result of smoking were estimated to be in excess of €9.6 billion. 10 Finally, in China, smoking was associated with significantly higher rates of presenteeism in a cross-sectional survey of workers at one large corporation. 11 These authors concluded that health-promoting programs should be made available to all workers to limit the impact of smoking and other risk factors for poor health and impaired work productivity.
Importantly, evidence suggests that a number of benefits are associated with smoking cessation, with the risk of cancer and heart disease reduced after approximately 12 months of non-smoking.
12
Quitting smoking has also been found to drastically reduce direct and indirect costs, which can benefit payers, employers, employees and society as a whole. 13 Those who have quit smoking not only save money from no longer purchasing cigarettes but may also gain from reduced health and life insurance expenses, as well as lower healthcare costs caused by smoking-related illnesses.
14 The increase in work productivity when smokers quit has led some employers to invest in smoking cessation programs, often including pharmacotherapy and behavioural interventions. 5, 15, 16 Although a cost exists for employers to implement smoking cessation programs, employers still save money per employee who quits smoking when the indirect savings from smoking cessation are considered, thus making it both health conscious and cost-effective to implement such programs. 16, 17 Despite such positive findings, however, many employers globally fail to cover quit programs in the workplace 18 and smoking rates continue to rise in many regions.
20
In order to demonstrate the tangible value to employers and society as a whole of successful smoking cessation in the employee population, it is important to investigate the effect of years since quitting and the impact of smoking on workplace productivity. As a result, this study seeks to expand the understanding of the workrelated burden associated with smoking and quitting across the US, the European Union (EU), and China using large-scale representative survey methodology.
| MATERIALS AND METHODS

| Sample
This analysis includes data from the 2013 National Health and Wellness Survey (NHWS) from the US (N=75 000), EU5 (N=62 000; including UK, France, Germany, Italy and Spain), and China (N=19 987).
The NHWS is a self-administered, Internet-based questionnaire from a sample of adults aged 18 or older.
A stratified random sample (with strata by gender and age in EU5
and China, and race/ethnicity added in the US) was implemented to ensure that the demographic composition is representative of the corresponding adult population based on: data from the International Data 
What's new
This study examines the impact of smoking on work productivity in multiple geographies using the same methodology:
US, EU and China. Additionally, the time to improvement in workplace productivity following cessation is investigated.
This study provides evidence that those who have quit smoking have substantially greater work productivity in examined geographies.
smoking), those trying to quit (those in the process of quitting or using cessation products), former smokers (those who previously but no longer smoke), and never smokers (those who have never smoked).
Additional analyses compared current smokers to former smokers by further examining how years since quitting smoking, 0-4 years ago, 5-10 years ago and 11 or more years ago, was related to outcomes.
| Demographics and health characteristic variables
The following demographic and health characteristic variables were examined for differences between groups: age, sex, race/ethnicity (for US only) and education. 
| Outcome variables
Work productivity loss and activity impairment were measured via the validated Work Productivity and Activity Impairment-General 
| Analyses
All analyses were conducted using spss version 20, Armonk, NY, USA.
Demographic and health characteristic differences were examined by smoking status. For categorical variables, chi-square tests were used to determine significant differences while one-way analyses of variance 
| RESULTS
| Initial group comparisons
The percentages of current smokers were 13.4% in the US, 15.6% in China and 21.2% in EU5 (see Table 1 for smoking group sample sizes for all three regions). Analyses examining demographic and health characteristics demonstrated that there were significant differences for each of these variables across smoking groups for US, EU5 and China (P<.001 for all; see Tables 2-4 ). These variables were retained as covariates in the multivariable analyses.
| Multivariable analyses
| Smoking status
To examine the unique burden of smoking status on work productivity, current smokers and former smokers were compared with each other and were each also compared with those trying to quit and never smokers while controlling for covariates. Covariates included age, gender, race/ethnicity (for US respondents only), education, BMI category and CCI.
In the US, EU5, and China, the workplace burden associated with smoking was clear (see Table 5 for means, standard errors and 95% confidence intervals). Those currently smoking had greater mean presenteeism, overall work impairment and activity impairment than former smokers and never smokers across all three regions (P<.01 for all). Current smokers also had greater absenteeism compared with former and never smokers in US and China and greater absenteeism compared with former smokers in EU5 (P<.01 for all). To illustrate the T A B L E 1 Sample sizes for each region for according to smoking status magnitude of differences, US current smokers had 28% more absenteeism, 28% more presenteeism, 24% more overall work impairment, and 22% more activity impairment than former smokers. In EU5, current smokers had 18% more absenteeism, 18% more presenteeism, 15% more overall work impairment and 12% more activity impairment than former smokers. In China, current smokers had 61% more absenteeism, 16% more presenteeism, 17% more overall work impairment and 13% more activity impairment than former smokers.
Current smoker
Trying to quit
In contrast, across all three regions, current smokers had lower impairment on all WPAI-GH variables than individuals trying to quit (P<.01 for all), except for absenteeism and activity impairment in US.
Similarly, former smokers had lower absenteeism, presenteeism, overall work impairment and activity impairment than those trying to quit across all three regions (P<.001 for all).
The pattern is less clear when comparing former smokers to never smokers. In the US, former smokers had greater presenteeism, overall work impairment, and activity impairment than never smokers (P<.001 for all); however, there was no statistically significant difference between former smokers and never smokers on absenteeism. For EU5, former smokers had lower presenteeism than never smokers (P<.01), but there were no statistically significant differences between former smokers and never smokers on absenteeism, overall work impairment and activity impairment. In China, there were no statistically significant differences between former smokers and never smokers on absenteeism, presenteeism, overall work impairment or activity impairment.
| Years since quit
Follow-up analyses examined the unique burden of current smokers compared with those who quit while controlling for covariates.
Covariates included age, gender, race/ethnicity (for US subjects only), education, BMI category and CCI. Those who have not quit smoking were compared with those who quit within the last 0-4 years, 5-10 years and 11 or more years.
Those who quit smoking 0-4 years ago had lower presenteeism and activity impairment across the US, EU5 and China, and lower overall work impairment in the US and EU5, than current smokers (P<.017 for all). The reduction in impairment resulting from quitting smoking ranged from 7%-19% for presenteeism, 9%-16% for overall work impairment and 6%-13% for activity impairment. For China, those who quit 0-4 years ago also had lower absenteeism than those still smoking (P<.001); there was a 22% reduction in absenteeism when comparing T current smokers to those who quit 0-4 years ago in China. When comparing those who have not quit to those who quit 5-10 years ago, current smokers had greater presenteeism, overall work impairment, and activity impairment in all three regions and greater absenteeism in US and China (P<.001 for all). Lastly, current smokers had greater absenteeism, presenteeism, overall work impairment and activity impairment than those who quit 11+ years ago in all three regions (P<.001 for all;
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see Table 6 for means, standard errors and 95% confidence intervals).
| DISCUSSION
Smoking is associated with significant societal and individual consequences across a variety of health and economic outcomes.
1,2
Importantly, the results of the current study suggest that quitting smoking serves to reduce the burden to workplace productivity and activity impairment. This is most exemplified by recent quitters, between 0 and 4 years postcessation, having significantly lower impact on absenteeism, presenteeism and activity impairment compared with current smokers. Additionally, this burden was so reduced that former smokers appeared mostly indistinguishable from never smokers.
These findings suggest that in addition to the health and economic benefits experienced by employees who quit, employers themselves benefit economically from tobacco cessation in the workplace by the increase in work productivity experienced by their employers.
This study provides important simultaneous documentation of the work-related burden of smoking in the US, EU5 and China using largescale representative survey sampling methodology. While there was some variation among regions, after controlling for demographic and health characteristics, comparisons revealed that overall, employees who smoked reported significant impairments across multiple domains of work productivity as well as activity impairment compared with former and never smokers. These results are consistent with previous work establishing the detrimental impact of smoking and tobacco use on work-related outcomes in the US and EU. 2, 26 Interestingly, those who are trying to quit had greater impairment than current smokers and former smokers, suggesting that the act of quitting can be a challenging process and previous research has shown that smokers can benefit from support during the quitting process.
27
This suggests a role for employers in providing support to employees currently in the process of quitting smoking to enhance the chance of successful quitting given the rapid benefits that were identified. The overall pattern of results across all regions thus suggests that former smokers and never smokers have the lowest impairment compared with other groups.
Quitting smoking has been shown not only to reverse many of the detrimental health effects of tobacco use over time but also to reduce impairments in work productivity in a cost-effective manner. Of note in this study, former smokers were statistically indistinguishable from never smokers in some work productivity outcomes across a number of regions sampled, although this result warrants further replication and investigation. This may suggest that in a period of 4 years or less, the burden of smoking is lessened to such a degree that former smokers begin to appear similar to those who have never smoked in terms of work productivity loss and activity impairment. This timeline is contrasted with some medical and health-related benefits from quitting smoking, which may take substantially longer (eg, 10-20 years)
for maximum risk reduction. [28] [29] [30] To the authors' knowledge, no previous findings examining the impact of quitting on work productivity and impairment across both 
| Strengths and limitations
This study possesses a number of strengths, including its methodological approach and ability to provide unique insight into the impact of quitting on work-related outcomes. Similar large-scale representative survey methodology was utilised in order to gain information from individuals across three global regions, providing exclusive insight into the impact of smoking on work-related outcomes among a diverse population of tobacco users. Importantly, this methodological approach enabled two study objectives to be examined, the impact of smoking behaviour on workplace productivity and the improve- More specifically, we cannot infer whether smoking makes people less productive or whether more productive people are less likely to smoke. While we controlled for some potentially confounding variables, it is still possible that not all confounders were captured. There may be other variables, such as mental illness, related to smoking and work productivity that were not controlled for in this study. As those with mental illness are both more likely to smoke and exhibit decreased employee productivity, 31,32 quitting smoking may not alleviate the work productivity burden within the mentally ill population. Future research could examine how smoking affects work productivity loss in the mentally ill population.
| Conclusions
Smoking is associated with important health and economic consequences for individuals and society at large. This study provides important insight into burden exerted by smoking on work productivity T A B L E 6 Adjusted means examining effect of years since quitting on WPAI-GH after controlling for demographic and health characteristics 
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